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styrene (I)-isoprene (II) block rubber (mol. wt. 100, 000 145 000, block 

,,h 14 000-16 000) and tackifiers.. Thus, a 33.2:66.8 I II DiocK 
rubber (I block 111 1 . 14,400, melt viscosity 1460 cP, shear adhesive 
i-^mn 73 dearee.) was used as an adhesive. 
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© Styrene-isoprene-styrene block copolymer composition for low viscosity low application 
temperature hot melt adhesives. 

© A low viscosity low application temperature hot melt adhesive which contains a predominantly ^""4""* 
^neVene block copolymer composition comprised of linear polymeric blocks wt jerem tine polygene 
block molecular weight ranges from 14.000 to 16,000, the polystyrene content ranges from 25 /« to 35 /» by 

composition and the molecular weight of the block copolymer comporton ranges 

from 100,000 to 145,000. 
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This invention relates to a novel block copolymer composition for use in low viscosity low application 
temperature hot melt adhesives. More particularly, it relates to predominantly linear styrene-tsoprene- 
styrene block copolymer compositions comprised of linear polymeric blocks and adhesives made using 

SU TrSi°that a block, copolymer can be obtained by an anionic copolymerlzation of f conjugated 
diene compound and an alkenyl arene compound by using an organic alkali metal init.ator. Block 
copolymers have been produced which comprise primarily those having a general structure 

A — B and A — B — A 

wherein the polymer blocks A comprise thermoplastic polymer blocks of alkenyl arenes such as polysty- 
rene white block B is a polymer block of a conjugated diene such as polyisoprene. The proportion of the 
thermoplastic blocks to the elastomeric polymer block and the relative molecular weights of each of these 
blocks is balanced to obtain a rubber having unique performance characteristics. When the content of the 
alkenyl arene is small, the produced block copolymer is a so-called thermoplastic rubber. In such a rubber, 
the blocks A are thermodynamically incompatible with the blocks B resulting in a rubber cons.sJng o two 
phases - a continuous elastomeric phase (blocks B) and a basically discontinuous hard, glass- .ke plasbc 
phase (blocks A) called domains. Since the A-B-A block copolymers have two A blocks separated by a B 
block, domain formation results in effectively locking the B blocks and their inherent entanglements .n place 
by the A blocks and forming a network structure. 

These domains act as physical crosslinks anchoring the ends of many block copolymer chains. Such a 
phenomenon allows the A-B-A rubber to behave like a conventionally vulcanised rubber in the unvulcanized 
state and is applicable for various uses. For example, these network forming polymers are apphcable for 
uses such in adhesive formulations; as mouldings of shoe soles, etc.; impact modifier for polystyrene resins 
and engineering thermoplastics; modification of asphalt; etc. ... 

Styrenic block copolymers are widely used to make hot melt adhesives for a w,de vanety of uses 
including diaper assembly. Hot melt adhesives based on styrenic block copolymers such as KRATON 
thermoplasticmbber (KRATON is a trade mark) provide excellent adhesion to non-polar substrates such as 
polyethylene which are commonly used in diaper manufacture. Additionally, such styrenic block copolymer 
based adhesives maintain adhesion in elastically demanding applications such as disposable diapers 
Relatively low styrene content (from 15% to 24%) styrene-isoprene-styrene block copolymers are known to 
be useful for adhesives for such applications. 

New improvements have necessitated the development of new hot melt adhes.ves for use .n the 
manufacture of disposable diapers. Diaper manufacturers now use thinner gauge polyethylene to manufac- 
ture diapers. Not only does thinner gauge polyethylene produce a more esthetically pleasing diaper but it 
also represents significant cost savings. However, as the gauge of the polyethylene is d««-«J» 
likelihood of bum trough of these thin layers has increased. In the past, the lower limit on the operating 
temperature has been defined by the temperature at which the hot melt adhesive could be apphed I wrfh 
sufficiently low viscosity for even and proper application. Such temperatures were in the range of 149 C to 
177 * C. The industry would like to operate at from 121 C to 149 C. ~ . „ . 

Thus it is clear that there is a need for a hot melt adhesive which is characterized by sufficient y low 
viscosity for proper application in diaper manufacture at these lower temperatures to help prevent burn 
through of the thinner gauge polyethylene used in the new diaper assemblies. There are new commercial 
45 products which purport to satisfy this need. However, these commercial products do no ^prov de the 
balance of adhesive performance properties whichjs provided by the present invent™. ..e.. . , me visoosrfy 
of less than 3100 cps at a temperature of 177 *C and a shear adhesion failure temperature (SAFT) of 
greater than 71 *C. The present invention provides block copolymer compositions which can be used to 
make adhesives satisfying these criteria. 
so Thr P re2r!t invention relates to predominantly linear styrene-isoprene-styrene (SIS) block copolymer 
compositions comprised of linear polymeric blocks. These compositions can be used in low viscosity, low 
aScSon temperature hot melt adhesives. The compositions are characterized in that ft. .polystyrene 
block molecular weight ranges from 14,000 to 16.000. The polystyrene content ranges from 25 A to 35% by 
weight o^ the block copolymer composition and the molecular weight of the block copolymer composition 
65 ranges from 80,000 to 145.000 and preferably from 100.000 to 145,000. The composes according to he 
present invention have been found to fall within the shaded area in figure 1 W 6 ^*^*** 
polystyrene content versus the polystyrene block molecular weight, on wh.ch is shown m addrt.cn the block 
copolymer composition molecular weight. 
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The present invention also encompasses a low viscosity, iow application temperature hot melt adhesive 

c °t:r— ^ — ,inear b,ocks - 

-SiTr^AVS-^ unseen can . prepay 
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or emulsion techniques. In any case, the polymer conta.n.ng at J«rt 



formula 
25 RLi, 
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RTstaliphatic. cycloaliphatic. aromatic or alky.-substituted aromatic hydrocarbon radical having from 1 to 
20 carbon atoms; and n is an integer of 1 to 4. 

agent with two reactive sites must be used. . ff rf 

is shown by the following relationship: 

# of MolecuJ «s of SIS 
i # of molecules of SIS plus SI 

Coupling efficiency can be determined theoretically from the stoichiometric quantity of coupling agent 
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adhXroSesTy bleSding polymers from processes of f^^^S^ ZTtZ 
if the coupling efficiency of the block copolymers is too low. ..e., less than 60 X>. the SAFT may fall beiow 

71 TOs coupling efficiency is controlled by a number of methods as disclosed in U.S. Patent No. 

the predominant* linear SIS b.ock copolymer composition of the preset 
invert can also be prepared by initial polymerization of styrene using an organo-llthium .ntiator up to a 
pTdete^d ^moSl weight of the po.ystyrene block, adding isoprene in an ™unt to obtom a 
p!edSS molecular weight of the polyisoprene block and after finishing the po.ymenzation adding 

■ *^2£TX or when the desired coupling efficiency has been obtained or 
alternati^rwlut coupling, when the polymerization has been finished, the product .s neutrahzed: such as 
bv 2 ^aSr o nerminators. e.g. water, alcohol or other reagents, for the purpose of removrng the Irth.um 
2dS ZZZ *e nTcieus for the condensed polymer product. The product Is then recovered such as by 

, in the diaper industry, it has 

Corner composition which is comprised of linear polymeric blocks and has a relafvely high coupling 
5 SSency to order to achieve the standards set forth above, the compositions and adhesives of the present 
invention must have the following characteristics: 

(1) a polystyrene block molecular weight of 14.000 to 16.000; 

(2) a polystyrene content of 25% to 35%; and 

n\ an overall molecular weight <M S - styrene equivalent molecular we.ght) of 100.000 to 145.000. 
,o ft fTas b^n detm in^d Tat if the above compositions do not have the above character.st.cs then the 
melt SoTa^rSA^rcriterion cannot be met. However, if the composition does have the above 

Ltd to *e shaded area. If an SIS block copolymer composition falls within the shaded area, the above 

composition and of the polystyrene blocks. Generally, the initiator concentrator, >s in the range o M) 25 _ to 50 
40 miEeTper 100 grams of monomer. The required initiator level frequently depends ^ 

2 SSr fn the hydrocarbon diluent The ratio of the initiator to the b,0Ck «• 

4 S moTmer can Jbekapt constant and different molecular weights can be achieved by changmg the amount of 
mZIZ m£t of inflator can be kept constant and different molecular weights can be ach.eved by 
varying the amount of the monomer, and in U.S. 3,231.635. and many others. oolvstv rene 
A typical block copolymer composition within the scope of the present «^ 1 h ^^££^ 
hint* motecular weight of 15.000. a polystyrene content of 30% and an overall molecular weight of 137.000. 
so Tv^^ X^r^rel 2 secbutyllithium as initiator at a monomer to ^™"*» 
T*!^m2£Z*vW** polymerization, polymerizing isoprene at a monomer to .nrt.ator mola 
7* 154 to 1 and then completing i the polymerization and finally polymerizing polystyrene again under 
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Wingtack 95 and is prepared by the cationic polymerization * «* l***^. J» 
Jclooentadiene 15% 2-methyl-2-butene and 10% dimer, as taught in U.S. Patent No. 3,577.398. Ottier 

SSKS^i i l™<* *p 9 ma * be emp,oy9d ln which *• resinous copolymer comp T 

T£7J^%^ «^™ and 80-20 weight percent of 2-methyi-2-butene. The resms normaily 
havA softenina DOints (ring and ball) between 80 C and 115 C. 

STSSmioL^ resins which are also useful in the compositions of this invent include 
JSS*, of rosins, polyterpenes. terpenephenol resins and polymerized mixed olefins^ 
SS^T^dd-h. and colour stability, ft is preferred that the tackifying resin be a safe rated 
resin e a a hydrogenated dicyclopentadiene resin such as Escorez 5000 series resm (Escorez ,s a trade 
, mall') made b^on or a hydrogenated polystyrene or polyalphamethylstyrene resin such as Regalrez 

*l!XV^^!^ varies fro. 20 to 400 parts by weight per hundred 

ni^?!?^^^ - ^ -* d ^ ndent upon » e hl sp fi c btoc l 

5 cooolvme eTptoyed in the respective adhesive composition. In the manufacture of disposable articles such 

^ISSXXS^ ins te nt invent may contain plasters, such as rubber extending 
olasticizers or compounding oils or liquid resins. Rubber compounding oils are well-known in the art and 
o hl^^ cortant oils and high aromatics content oils. Preferred piasters are high* 

slrated oils eg Tufflo 6056 oil (Tufflo is a trade mark) made by Arco. ^ 
££^o£^ in the invention composition can vary from 0 to 100 phr, and preferably between 

° Optional components of the present invention are stabilizers which ^ll^^'^m. 
« oxidation skin formation and colour formation. Stabilizers are typically added to the commercially available 
oTto protect the polymers against heat degradation and oxidation during the preparation, 
use and hiah temperature storage of the adhesive composition. 

Mditiona I stagers known in the art may also be incorporated into the adhesive compos,t.on. These 
m» be foT orotection during the life of the disposable article against, for example, oxygen ozone and 
,o Z^KTSil?*-. additional stabilizers should be compatibie wKh the essentia, stabilizers 

mentioned herein-above and their intended function as taught herein. • 

T^ adSve Compositions of the present invention are typically prepared by blending the oomponento 
at ^J^SLmb, preferably between 130 'C and 200 'C. until a Homogeneous b end s 
obtTned usually less than three (3) hours. Various methods of blending are known to the art and any 
35 method that produces a homogeneous blend is satisfactory. „«, Mmh i„ a ™iira- 

The resultant adhesives may then preferably be used in a wide variety of product »«bhf8fffe» 
tions A oarttoularly preferred application is their use in bonding polyethylene or polypropylene substrates o 
tissue JSSS 'Mother polyethylene or polypropylene substrates using technques involving .multiple 
dSotsitosTsmlMuantities of the adhesives according to conventional "multi-line" or "multi-dot type 
«, ^SS^mSA the procedures used to manufacture these disposable constructions vary depending 
SrnSlinilLw. the adhesive is generally extruded in lines (or dots) at regular* spaced 
inters alolS the length of the article. The adhesive may be applied at temperatures as tow as 121 C. An 
Ztonri I advantage of the adhesive of the present invention is that it can be effectively applied by 
SSS^-S^SS^ is usually applied to the polyethylene or polypropylene backing and subsequently 
4s the combination is mated with an absorbent inner core and tissue or non-woven liner. 

TZ «g examples, the coupling efficiency was determined by the method descnbed abov* The 

mel t vto? measured in centipoise-seconds (op.) by using a B ™^ eld ™ e ™^^^^ 

melt v.scosny was^ ^ ^ m ^ a 1 kg weigM SA FT measures 

?i2J , * JSh ™e lap shear assembly fails under load. The molecular weights were determmed 
so «grihy as styrene equivaient molecular weight. The polystyrene content was 

»nH JZ^l!ZbtoW For comparative purposes, three commercially available products which are 

55 Sh7to be SIS block copolymers comprised of linear polymeric blocks but it can be seen that they do 
not meet the specifications of the present invention which are preferred. 

T^Wock copolymer compositions were made according to the procedures discussed above. The 
coupTng aSntTdrbloeth'ane. They were used to make adhesives by blending 25% polymer with 
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60% tackifying rosin (Escorez 5300) and 15% plasticiser (Tufflo 6056). The formulations were stabilized with 
1 phr of Irganox 1010 (Irganox is a trade mark). 
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The data displayed above proved the criticality of the claimed ranges. For example, samples 1 1 through 
5 all have a polystyrene block molecular weight lower than 14,000 and in one or two of them the other 



6 



EP0 451 919 A2 



Tn In ^ commerdal products all have overall molecular weights which are outs.de the damned range^ 
,n .SElS^-kol^ - "<* None o^ese Products satisfies the cntenon s,nce A 
and B have melt viscosities greater than 3100 cps and the SAFT of C is too low. 
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A oredominantly linear styrene-isoprene-styrene block copolymer composition comprised of Hnear 
polymeSrSS for useTn low viscosity low application temperature hot melt adhesrves. art b.ock 
copolymer composition characterized in that < annn . 

faUhe polystyrene block molecular weight ranges from 14,000 to 16,000. ^ eiW 
io) Z SSene content ranges from 25% to 35% by weight of the block copolymer composmon, 

S d the molecular weight of the block copolymer composition ranges from 100.000 to 145.000. 

2. A hot melt adhesive comprising the block copolymer composition of claim 1 and a tackifying resin. 
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MV RANGE 100-145 




